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OPTICAL, FILM WITH VARIABLE ANGLE PRISMS 

BACKGROUND OF THE INVENTION 

5 Field of the Invention 

The invention relates generally to light 
transmissive optical films, and more particularly, the 
invention relates to an optical film with an array of 
variable angle prisms . 

10 

Description of the Related Technology 

Backlit display devices, such as liquid crystal 
display (LCD) devices, commonly use a wedge-shaped 
lightguide. The wedge-shaped lightguide couples light 
15 from a substantially linear source, such as a cold 
cathode fluorescent lamp (CCFL) , to a substantially 
planar output. The planar output is then coupled to the 
LCD. 



The performance of a display device is often 
judged by its brightness. From a subjective standpoint 
relatively small increases in overall brightness are not 
easily perceived by the end user of the display device, 
but it is possible to measure relatively small increases 
in brightness objectively. While not directly 
appreciated by the end user, a display with an 
objectively measured increase in overall brightness of 
only a small percentage, for example, perhaps as little 
as 1 percent, is perceived as being significantly better 
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by the designer of the product using the display. This 
is because the designer can allocate less power to the 
display device, yet still achieve an acceptable level of 
brightness. For battery powered, portable devices, this 
translates to longer running times, 

The alternatives for increasing display 
brightness include using more or brighter light sources. 

Counter to the ability to decrease the power allocation 
to the display device, additional light sources and/or 
brighter light sources consume more energy, which for 
portable devices this correlates to decreased battery 
life. Also, adding light sources to the device may 
increase the product cost and can lead to reduced 
reliability of the device. 

Brightness is also enhanced by more efficiently 
using the light that is available within the display 
device, i.e., to direct more of the available light 
within the display along a preferred viewing axis. A 
number of mechanisms have been employed within display 
devices to improve display device efficiency. For 
example, brightness enhancing films having prismatic 
structures are frequently used to direct light that would 
otherwise not be viewed along the viewing axis. A 
typical flat panel display device may use several 
different films to provide an overall bright, high 
contrast display with substantially uniform output along 
the preferred viewing directions. Surface diffusers or 
bulk diffusers are sometimes used to mask defects in the 

-2- 



WO 01/27663 PCT/US00/24355 

output of the lightguide, but most diffusers scatter 
light from the viewing axis and therefore reduce on-axis 
brightness . 

Lightguide improvements have also contributed 
to improved brightness in display devices. "Typical 
lightguides extract light by diffusion and may be 
enhanced by geometric recycling. Light rays entering the 
lightguide encounter diffusing elements, typically a 
pattern of white dots applied to a surface of the 
lightguide, and are diffusively extracted by scattering 
from the lightguide. Other light rays are totally 
internally reflected within the lightguide until 
encountering a diffusing element. Losses are encountered 
in these processes, and because the light is diffusely 
extracted, without any collimation, on-axis brightness is 
lower. With enhancement, the diffuse light rays may be 
directed more on axis, in a quasi-collimation process, 
which results in enhanced on-axis brightness. 

Another method of extracting light from a 
lightguide is by use of frustrated total internal 
reflection (TIR) . m one type of frustrated TIR the 
lightguide has a wedge shape, and light rays incident on 
a thick edge of the lightguide are totally internally 
reflected until achieving critical angle relative to the 
top and bottom surfaces of the lightguide. These sub- 
critical angle light rays are then extracted, or more 
succinctly refract from the lightguide, at a glancing 
angle to the output surface. To be useful for 
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illuminating a display device, these light rays must then 
be turned substantially parallel to a viewing, or output, 
axis of the display device. This turning is usually 
accomplished using a turning lens or turning film. 

A turning lens or turning film typically 
includes prism structures formed on an input surface, and 
the input surface is disposed adjacent the lightguide. 
The light rays exiting the lightguide at the glancing 
angle, usually less than 30° to the output surface, 
encounter the prism structures. The light rays are 
refracted by a first surface of the prism structures and 
are reflected by a second surface of the prism structures 
such that they are directed by the turning lens or film 
in the desired direction, e.g., substantially parallel to 
a viewing axis of the display. 

An optical effect resulting from frustrated TIR 
lightguides not adequately compensated for in presently 
known display devices is referred to as ripple. Ripple 
is a periodic fluctuation in the luminance of the wedge 
light output. The fluctuation amplitude, spatial 
frequency and phase are largely determined by the wedge 
angle, input aperture and lamp coupling to the input 
aperture. The emergence angle and the location of 
emergence from the wedge maps directly onto a position on 
the input aperture and an emission angle from the input 
aperture. Thus, nonunif ormities in the spatial and 
angular components of emission from the input aperture 
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map into corresponding changes in the wedge output 
brightness. The result is an effect wherein the display 
has a bright and dark banded appearance parallel to the 
light source. The effect is most perceptible nearest to 
the lightguide entrance, but may be observed over the 
entire output surface. 

Attempts to correct ripple, or essentially mask 
the appearance of ripple, include adding some form of 
optical power or scattering to the wedge structure to try 
and provide more uniform light extraction. However, 
these attempts have not proven entirely satisfactory. 

SUMMARY OF THE INVENTION 

In accordance with the invention, an optical 
film useful for reducing or eliminating ripple (luminance 
non-uniformity) is formed with an array of turning prisms 
formed on an input surface. The prisms are contained 
within the array in clusters of prisms that include 
prisms of two or more prism configurations. 

In a first aspect of the invention, an optical 
turning film has a first surface including an array of 
prisms. The array has a plurality of first prisms, with 
each of the first prisms having a first prism 
configuration, and a plurality of second prisms, with 
each of the second prisms having a second prism 
configuration different from the first prism 
configuration. The optical film also has a second 
surface opposing the first surface, and light rays 
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directed at a glancing angle to the first surface are 
directed by the plurality of first prisms and the 
plurality of second prisms through the optical turning 
film and are emitted from the second surface at an angle 
substantially parallel to a viewing direction of a 
display. 

In another aspect of the invention, an optical 
turning film is a sheet of light transmissive optical 
film having a first surface and a second surface, A 
plurality of first light redirecting prisms and a 
plurality of second light redirecting prisms are formed 
in the first surface. The plurality of first light 
redirecting prisms and the plurality of second light 
redirecting prisms are arranged in an array of prisms on 
the first surface. The first light redirecting prisms 
have a first prism configuration, and the second light 
redirecting prisms have a second prism configuration, 
different from the first prism configuration. The 
plurality of first light redirecting prisms and the 
second plurality of light redirecting prisms are 
organized into a plurality of first prism groups and a 
plurality of second prism groups. The first prism groups 
and the second prism groups are arranged in the array in 
a pattern of first prisms and second prisms. 

In still another aspect of the invention, an 
illumination device has a lightguide with an input 
surface and an output surface. Light rays incident on 
the input surface are refracted into the lightguide and 

-6- 



WO 01/27663 PCT/US00/24355 

propagate within the lightguide by TIR. These light rays 
then exit the output surface via frustrated TIR at a 
glancing angle to the output surface. A light source is 
coupled to the input surface to project the light rays on 
the input surface, and a turning film is disposed 
adjacent the output surface. The turning film has a 
first surface and a second surface opposing the first 
surface. An array of prisms is formed in the first 
surface of the turning film, and the array of prisms has 
a plurality of first prisms having a first prism 
configuration and a plurality of second prisms having a 
second prism configuration different from the first prism 
configuration. The array of prisms are arranged to 
redirect the light rays from the glancing angle to an 
angle substantially aligned with a viewing axis of the 
illumination device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The many advantages and features of the present 
invention will become apparent to one of ordinary skill 
in the art from the following detailed description of 
several preferred embodiments of the invention with 
reference to the attached drawings wherein like reference 
numerals refer to like elements throughout and in which: 

Fig. 1 is a schematic illustration of an 
illumination device adapted in accordance with the 
preferred embodiments of the invention; 



-7- 



WO 01/27663 PCT/US00/24355 

Fig. 2 is a schematic illustration of a turning 
film constructed in accordance with a preferred 
embodiment of the present invention ,- 

Fig. 3 is a schematic illustration of a turning 
film constructed in accordance with an alternate 
preferred embodiment of the present invention; 

Fig. 4 is a diagram illustrating light rays 
propagating in an unfolded TIR lightguide; 

Fig. 4a is a schematic illustration of light 
rays exiting a lightguide and being turned by a turning 
lens; 

Fig. 5 is a diagram similar to Fig. 4 further 
illustrating the principles of the present invention; 

Fig. 6 is a schematic illustration of a turning 
film constructed in accordance with still another 
alternate preferred embodiment of the present invention; 
and 

Fig. 7 is a schematic illustration of an 
illumination device adapted in accordance with an 
alternate preferred embodiment of the invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
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The present invention is described in terms of 
several preferred embodiments, and particularly, in terms 
of a turning film suitable for use in a backlighting 
system typically used in flat panel display devices, such 
as a laptop computer display or a desktop flat panel 
display. The invention, however, is not so limited in 
application and one of ordinary skill in the art will 
appreciate that it has application to virtually any 
optical system, for example, to projection screen devices 
and flat panel televisions. Therefore, the preferred 
embodiments described herein should not be taken as 
limiting of the broad scope of the invention. 

Referring to Fig. 1, an illumination system 10 
includes optically coupled a light source 12; a light 
source reflector 14; a lightguide 16 with an output 
surface 18, a back surface 20, an input surface 21 and an 
end surface 22; a reflector 24 adjacent the back surface 
20; a first light redirecting element 26 with an input 
surface 28 and an output surface 30; a second light 
redirecting element 32; and a reflective polarizer 34. 
The lightguide 16 may be a wedge or a modification 
thereof. As is well known, the purpose of the lightguide 
is to provide for the uniform distribution of light from 
the light source 12 over an area much larger than the 
light source 12, and more particulary, substantially over 
an entire area formed by output surface 18. The 
lightguide 16 further preferably accomplishes these tasks 
in a compact, thin package. 
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The light source 12 may be a CCFL that is edge 
coupled to the input surface 21 of the lightguide 16, and 
the lamp reflector 14 may be a reflective film that wraps 
around the light source 12 forming a lamp cavity. The 
reflector 24 backs the lightguide 16 and may be an 
efficient back reflector, e.g., a lambertian or a 
specular film or a combination. 

The edge-coupled light propagates from the 
input surface 21 toward the end surface 22, confined by 
TIR. The light is extracted from the lightguide 16 by 
frustration of the TIR. A ray confined within the 
lightguide 16 increases its angle of incidence relative 
to the plane of the top and bottom walls, due to the 
wedge angle, with each TIR bounce. Thus, the light 
eventually refracts out of each of the output surface 18 
and the back surface 20 because it is no longer contained 
by TIR. The light refracting out of the back surface 20 
is either specularly or diffusely reflected by the 
reflector 24 back toward and largely through the 
lightguide 16. The first light redirecting element 26 is 
arranged to redirect the light rays exiting the output 
surface 18 along a direction substantially parallel to a 
preferred viewing direction. Th preferred viewing 
direction may be normal to the output surface 18, but 
will more typically be at some angle to the output 
surface 18. 

As shown in Fig. 2, the first light redirecting 
element 26 is a light transmissive optical film where the 
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output surface 3 0 is substantially planar and the input 
surface 28 is formed with an array 36 of prisms 38, 40 and 
42. The second light redirecting element 32 may also be a 
light transmissive film, for example a brightness enhancing 
film such as the 3M Brightness Enhancement Film product 
(sold as BEFIII) available from Minnesota Mining and 
Manufacturing Company, St. Paul, Minnesota. The reflective 
polarizer 34 may be an inorganic, polymeric, cholesteric 
liquid crystal reflective polarizer or film. A suitable 
film is the 3M Diffuse Reflective Polarizer film product 
(sold as DRPF) or the Specular Reflective Polarizer film 
product (sold as DBEF) , both of which are available from 
Minnesota Mining and Manufacturing Company. 

With more particular reference to Fig. 2, within 
array 36, each prism 38, 40 and 42 may be formed with 
differing side angles as compared to its respective neighbor 
prisms. That is, prism 40 may be formed with different side 
angles (angles A and B) than prism 38 (angles C and D) , and 
prism 42 (angles E and F) . As shown, prisms 38 have a prism 
angle, i.e., the included angle, equal to the sum of the 
angles A and B. Similarly, prisms 40 have a prism angle 
equal to the sum of the angles C and D, while prisms 42 have 
a prism angle equal to the sum of the angles E and F. While 
array 36 is shown to include three different prism 
structures based upon different prism angle, it should be 
appreciated that virtually any number of different prisms 
may be used. 
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Prisms 38,. 40 and 42 may also be formed with a 
commons prism angle but with a varied prism orientation". A 
prism axis is illustrated in Fig. 2 for prism 38. The 

prism axis 1 may be arranged normal- to the output surface 
30, as shown for prism 38, or .at an angle to the output 
surface either toward or away from the light source as 
illustrated by phantom axes "1/' and w l/', respectively, for 
prisms 40 and 42. 

Prisms 38, 40 and 42 may be arranged within 
array 3 6 as shown in Fig. 2 in a regular repeating 
pattern or clusters 43 of prisms, and while the array 3 6 
is not- shown to have like prisms adjacent like prisms, 
such a configurat i on-r may also be used. Moreover, within 
the array 36, the prisms 38, 40 and 42 may change 
continuously from a first prism configuration, such as 
prism configuration 38, to a second prism configuration, 
such as prism configuration 40, and so on. For example, 
the prism configuration may change in a gradient manner 
from the first prism configuration to the second prism 
configuration. Alternatively, the prisms may change in a 
step-wise manner, similar to the configuration shown in 
Fig. 2. Within each cluster 43, the prisms have a prism 
pitch, which is selected to be smaller than the spatial 
ripple frequency. Likewise, the clusters may have a 
regular cluster pitch. 

While the array 3 6 shown in Fig. 2 has prisms 
having a symmetric configuration, an array of prisms, 
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such as array 36' shown in Fig. 3 formed in light 
redirecting element 26', may be used. Referring then to 
Fig. 3, in the array 36', prisms 38', for example, has 
angle A' unequal to angle B' . Similarly for prisms 40' 
and 42', angle C is unequal to angle A' and angle D' , 
and angle E' is unequal to either of angle A', angle C 
or angle F' . The array 36' may be advantageously formed 
using a single diamond cutting tool of a predetermined 
angle, and tilting the tool for each cut producing prisms 
of differing prism angle and symmetry. However, it will 
be appreciated that with the use of a single cutting 
tool, the prism angles will be the same, i.e., 
A+B=C+D=E+F. 

It is contemplated that as few as two different 
prism configurations may be used and arranged in clusters 
within the array 36, although as many prism sizes as 
necessary to accomplish a modification of the output 
profile from the lightguide 16 may be used. One purpose 
of the prism side angle variation is to spread and add 
variable amounts of optical power into the first light 
redirecting element 26. The varying configuration of 
prisms 38, 40 and 42 serves to provide substantially 
.uniform sampling of the input aperture of the lightguide, 
which minimizes non-unif ormities in the light extracted 
from the lightguide 16. The net result is an effective 
minimization of the ripple effect particularly near the 
entrance end 21 of the lightguide 16. 
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Referring to Fig. 4 there is shown an unfolded 
view of a light path confined between two non-parallel 
mirror surfaces, for example, the TIR mirror surfaces in 
a wedge lightguide. One can represent a ray undergoing 
multiple TIR reflections as a straight line passing 
through multiple images of the lightguide surfaces. The 
fan-like structure is thus constructed from a series of 
wedge cross -sections stacked together, where the left 
boundary consists of the input surface of the lightguide 
and its reflected images. As light rays move away from 
the input surface, the confinement angle subtended at 
each mirror plan increases by an amount equal to the 
wedge angle. The top boundary represents a light 
extraction surface, either the top or bottom of the 
lightguide, where light emerges from the lightguide into 
air by the frustration of TIR. Viewing the lightguide in 
this manner, the light paths are straight and the number 
of TIR reflections is easy to count. It also permits one 
to trace an extracted ray back to its point of origin on 
the input pupil. 

Light emits from the wedge over a range of 
angles starting at about 5° up to about 23°. The lower 
number is the onset of frustrated TIR transmission, just 
after the confinement angle exceeds the TIR limit. The 
larger angle represents the cutoff of intensity due to 
depletion from multiple bounces at increasing confinement 
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angles. The precise range of extraction angles depends 
upon the wedge angle and optical index. 

In Fig. 4a, light rays 403 and 404 are 
extracted and then turned toward an observer by a turning 
lens having identical contiguous prisms 401. Light ray 
403 emerges at about 5 relative to the surface (85° from 
normal) , approximately the lower limit of emergent light 
pattern, and is turned by prism 401 into ray path 405, 
approximately -7.5° to the normal. Light ray 404 emerges 
at about 23 (67° from normal), the upper limit of the 
emergent light pattern, and is turned by prism 401 into 
ray path 406, approximately 10 to the normal. 

If light rays 403 and 405 emit from points B 
and A, respectively, on the emission surface, then an 
observer 407 positioned at the vertex of light rays 405 
and 4 06 sees the full range of the emitted light pattern 
between points A and B. Lightrays 401 and 402, internal 
to the lightguide, point back to the input surface of the 
wedge. We see that the points of origin for these 
external rays are separated by 20 input pupil widths on 
the left boundary of the fan. Hence, as the observer 407 
scans from point A to point B, he sees 20 images of the 
wedge-input pupil. If the light coupling, from the lamp 
to the input pupil, is non-uniform, either spatially or 
in angle, then the non-uniformity is observed as a ripple 
pattern. 
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The present invention considers multiple prism 
configurations in a contiguous turning lens and the 
effect of such structures on optical output uniformity. 
For example, the turning film may have clusters of 3 
prism configurations each with a prism angle of 68.88, 
but having different prism axis orientations of -1.5°, 0° 
and +1.5° relative to the turning lens normal. Three rays 
drawn from an observer, one into each prism of a cluster, 
would trace back through the unfolded light diagram to 
different positions on the input surface. Referring to 
Fig. 5, three locations tt A", U B" and "C" are illustrated 
on the output surface of the wedge. At each location a 
pencil of 3 rays is drawn from the output surface to the 
fan of the input surface pupils. As observed in Fig. 5, 
the pencil of rays covers a full pupil width even from 
position U A", which would be nearest to the lamp end. 
Thus, there is provided close-packed sampling of the 
pupil that results in a smoothing of the local display 
brightness. The optimal design of the prism 
configuration would depend upon details of the wedge 
geometry and optical index. 

So far the clusters 43 of prisms have been 
described as having a substantially similar 
configuration. That is, the same number of prism having 
the same distribution of prism configurations. This is 
not a requirement, and the clusters 43 may vary in 
configuration. This arrangement may reduce the 
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possibility that at certain locations and for certain 
angles aperture sampling may occur at very nearly 
identical aperture locations, although at slightly 
different input angles. This could lead to localized 
interference type of patterns similar to ripple. 

The prism angles can range from 3 0° - 12 0°, but 
may be from 40° - 75° and may further be from 60° - 75°. 
The angular difference between prisms within a cluster 
may be about 1° - 10° and may further be about 1° - 5°. 
The spacing of the prisms, i.e., the prism pitch, as 
discussed should be less than the spatial frequency of 
the ripple and may be anywhere from lvim - lOOOjim, and may 
still be 20}am - lOOym and may further be 30]om - SO^im. 
The array pitch for the array 36, with 50ym prism pitch, 
may be approximately 150um. The prism configurations are 
also influenced by the refractive index of the optically 
transmissive film due to the effects on the refraction 
face and the TIR at the reflection face. Typical film 
material may have an index in the range of 1.35-1.75. 
For example, for a polycarbonate material with an index 
of 1.586, and a lightguide with a nominal light exit 
(glancing) angle of 13°, a prism configuration with a 

nominal included angle of 68.9° may be used. 

Referring now to Fig. 6, a turning film 44 
formed in accordance with an alternate embodiment of the 
invention includes an array of prisms 45 on an input 
surface 46. The array of prisms 45 has prisms 47 of at 

-17- 



WO 01/27663 PCT/US00/24355 

least a first configuration and a second configuration 
for providing a ripple reducing effect. Furthermore, the 
prisms 47 are formed with a curved facet reflective side 
48. A prism angle is defined as between a tangent to the 
reflective side 48 and the refractive side 49. As 
described above with respect to the array 36, to reduce 
the ripple effect the prisms are arranged in clusters 
within the array 44. Within the clusters, the prism 
angles may vary and/or the prism orientation, i.e., the 
angle the prism axis makes to normal, may vary. It should 
be appreciated that both surfaces may be formed to have a 
curved facet configuration. 

Films including an array of prisms, such as the 
arrays 36, 36' or 44, may be formed by extrusion or by a 
cast and cure process. A master is first made by diamond 
turning the array structure into a surface of a 
cylindrical blank, or roll. One technique for forming 
the array structure in the surface is known as thread 
cutting. A first thread is cut the length of the roll, 
and the first thread corresponds to the first prism 
configuration. Starting at a position adjacent the first 
thread a second thread is cut. The second thread is cut 
using a different cutting tool or by after adjusting the 
cutting tool in order to produce the second prism 
configuration. This process is repeated, changing 
cutting tools and/or using multiple tools, until all of 
the desired prism configurations are formed. 
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Alternatively, using an adjustable cutting 
tool, the tool may be adjusted during the thread cutting 
process. A single thread is cut, and the tool is 
continuously rotated during the cutting process to 
continuously vary the prism configuration such that 
prisms are formed within the array having differing prism 
configurations . 

Still another alternative is to plunge cut the 
prism configurations. Plunge cutting may be accomplished 
using multiple cutting tools, one each for each prism 
configuration. An adjustable cutting tool may be used 
and the tool adjusted for cutting each prism 
configuration. 

Another forming possibility includes the use of 
a fast tool servo (FTS) actuator. An FTS actuator is 
shown and described in the commonly assigned US patent 
application serial no. ( ) entitled "Optical Film" 

(attorney docket no. 53772USA6A) and US patent 
application serial No. ( ) entitled "Optical Film 

With Defect-Reducing Surface and Method of Making Same" 
(attorney docket no. 7780 . 374US01) the disclosures of 
which are hereby expressly incorporated herein by 
reference. The FTS advantageously allows for the 
incorporation of anti-wetout and/or other properties into 
the array 36 as described in the afore-mentioned US 
patent applications . Wet-out is an optical defect that 
appears when two adjacent optical surfaces within the 
display device come into contact with one another. To 
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prevent wet^out, and as discussed in the aforementioned 
US patent applications, randomly distributed peaks and 
valleys, local maxima and minima, may be formed on one or 
both adjacent surfaces to minimize the amount and 
regularity of contact between the adjacent surface. 
Thus, the input surface 28 of the first light redirecting 
element 26 may be formed to include anti wet-out 
structure as may the output surface 30. 

Referring now to the illumination device 50 
illustrated in Fig. 7, a lightguide 52 forms a portion of 
the illuminating device 50 and includes a first entrance 
surface 54, a second entrance surface 56, an output 
surface 58 and a back surface 60. A first light source 
62 includes a first light source reflector 64 and couples 
to the first entrance surface 54. A second light source 
66 includes a second light source reflector 68 and 
couples to the second entrance surface. Disposed 
adjacent the output surface 58 is a first light 
redirecting element 70. The first light redirecting 
element 70 includes an input surface 72 and an output 
surface 74. The illumination device 50 further includes 
a reflector 76 adjacent the back surface 60, a second 
light redirecting element 78 and a reflective polarizer 
80. The lightguide 52 may be a wedge or modification 
thereof. As is well known, the purpose of the lightguide 
50 is to efficiently spread light from both light sources 
62 and 66 over an area much larger than the sources 
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themselves, and more particulary, substantially over an 
entire area formed by output surface 58. 

The first light redirecting element 70 is 
preferably a light transmissive film the input surface 72 
of which is formed with an array of prisms in a manner 
similar to that described above with respect to the array 
36 of the first light redirecting element 26. As the 
illumination device 50 has a light source disposed on 
opposite ends thereof, the prisms forming the array may 
be configured symmetrically or asymmetrically and with 
differing prism angles. This is to ensure that light 
rays entering the lightguide 52 from either entrance 
surface 54 and 56 are turned along a desired viewing 
axis. The array of prisms act to redirect the light 
output from the lightguide 52 along a preferred viewing 
direction, and further act to reduce the perception of 
ripple. 

As a result of illuminating the lightguide 52 
from two sides, an optical defect caused by the light 
rays entering from the opposite entrance surface 54 and 
56 may occur at a center portion 82 of the lightguide 52. 

The array of prisms formed on the input surface 72 of 
the light redirecting structure 70 may be altered at a 
corresponding center portion 84 to reduce this perceived 
optical defect in a manner similar to that by which the 
array reduces perceived ripple. 

Modifications and alternative embodiments of 
the invention will be apparent to those skilled in the 
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art in view of the foregoing description. This 
description is to be construed as illustrative only, and 
is for the purpose of teaching those skilled in the art 
the best mode of carrying out the invention. The details 
of the structure and method may be varied substantially 
without departing from the spirit of the invention, and 
the exclusive use of all modifications which come within 
the scope of the appended claims is reserved. 



-22- 



WO 01/27663 



PCI7US00/24355 



CLAIMS 

What is claimed is: 

1. An optical turning film comprising: 
a first surface; 

an array of prisms formed in the first surface, 

wherein the array of prisms comprises: 

a plurality of first prisms, each of the first 

prisms having a first prism configuration, and 

a plurality of second prisms, each of the 

second prisms having a second prism configuration 

different from the first prism configuration; 

a second surface opposing the first surface; and 
wherein light rays incident to said first surface 

are refracted and reflected by the plurality of first 

prism and the plurality of second prisms along a 

preferred viewing axis. 

2. The optical turning film as recited in claim 1, 
wherein the plurality of first prisms and the plurality 
of second prisms are arranged in clusters within the 
array . 
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3. The optical turning film as recited in claim 1, 
wherein the plurality of first prisms comprise at least 
one group of first prisms having the first prism 
configuration and the plurality of second prisms comprise 
at least one group of second prisms having the second 
prism configuration formed in the first surface adjacent 
the at least one group of first prisms. 

4. The optical turning film as recited in claim 3, 
wherein the plurality of first prisms comprise at least 
another group of first prisms having the first prism 
configuration formed in the first surface adjacent the at 
least one group of second prisms. 

5. The optical turning film as recited in claim 2, 
wherein the first plurality of prisms are interleaved 
with the second plurality of prisms. 

6. The optical turning film as recited in claim 1, 
wherein the first prisms have a first asymmetric 
configuration and the second prisms have a second 
asymmetric configuration different from the first 
asymmetric configuration. 

7. The optical turning film as recited in claim 1, 
wherein the first prisms have a first prism angle and the 
second prisms have a second prism angle different from 
the first prism angle. 
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8. The optical turning film as recited in claim 7, 
wherein the first prism angle and the second prism angle 
are in the range from 30° to 120°. 

9. The optical turning film as recited in claim 1, 
wherein the first plurality of prisms and the second 
plurality of prisms are spaced with a prism pitch, and 
wherein the prism pitch is in the range from l\xm to 
1000pm. 

10. The optical turning film as recited in claim 9, 
wherein the first plurality of prisms and the second 
plurality of prisms are arranged in clusters and wherein 
the clusters have a cluster pitch. 

11. The optical turning film as recited in claim 1, 
wherein the array comprises a transition between one of 
the plurality of first prisms and one of the plurality of 
second prisms, the transition comprising a substantially 
continuous reconfiguration from the first prism 
configuration to the second prism configuration. 

12. The optical turning film as recited in claim 11, 
wherein the plurality of first prisms and the plurality 
of second prisms are arranged in clusters and wherein 
each cluster includes at least one said transition. 
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13. The optical turning film as recited in claim 1, 
wherein at least one of the first prism configuration and 
the second prims configuration comprises a curved facet. 

14. The optical turning film as recited in claim 1, 
wherein the first prism configuration and the second 
prism configuration each include randomly distributed 
peaks and valleys. 

15. An optical turning film comprising: 

a sheet of light transmissive optical film having a 
first surface and a second surface; 

a plurality of first light redirecting prisms formed 
in the first surface; 

a plurality of second light redirecting prisms 
formed in the first surface; 

the plurality of first light redirecting prisms and 
the plurality of second light redirecting prisms arranged 
in an array of prisms on the first surface; 

the first light redirecting prisms having a first 
prism configuration; 

the second light redirecting prisms having a second 
prism configuration, different from the first prism 
configuration; 

the plurality of first light redirecting prisms and 
the plurality of second light redirecting prisms being 
organized into a plurality of first prism groups and a 
plurality of second prism groups; and 
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wherein the first prism groups and the second prism 
groups are arranged in the array in a pattern of first 
prisms and second prisms. 

16. The optical turning film recited in claim 15, 
wherein the plurality of first prisms and the plurality 
of second prisms respectively have prism peaks and 
wherein the prism peaks are aligned with a longitudinal 
axis of the sheet. 

17. The optical turning film recited in claim 15, 
wherein the first prism groups and the second prism 
groups are interleaved. 

18. The optical turning film recited in claim 15, 
wherein the first prisms have a first asymmetric 
configuration and a second prism configuration different 
than the first asymmetric configuration. 

19. The optical turning film recited in claim 15, 
wherein the first prisms have a first prism angle and the 
second prisms have a second prism angle different than 
the first prism angle. 

20. The optical turning film recited in claim 19, 
wherein the first prism angle and the second prism angel 
are in a range from 30° to 120°. 



-27- 



WO 01/27663 



PCT/US00/24355 



21. The optical turning film recited in claim 15, 
wherein the first prisms and the second prisms are spaced 
with a prism pitch, and wherein the prism pitch is in a 
range from lum to lOOOum. 

22. An illumination device comprising: 

a lightguide, the lightguide having an input surface 
and an output surface, wherein light rays projected on 
the input surface are extracted at the output surface by 
frustrated total internal reflection at a glancing angle 
to the output surface; 

a light source coupled to the input surface to 
project the light rays on the input surface; 

a turning film, the turning film comprising a first 
surface and a second surface opposing the first surface, 
and wherein the first surface is optically coupled to the 
output surface of the lightguide; and 

an array of prisms formed in the first surface of 
the turning film, the array of prisms comprising a 
plurality of first prisms having a first prism 
configuration and a plurality of second prisms having a 
second prism configuration different from the first prism 
configuration, the array of prisms arranged to redirect 
the light rays from the glancing angle to an angle 
substantially aligned with a viewing axis of the 
illumination device. 
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23* The illumination device as recited in claim 22, 
wherein the second surface is optically coupled to a 
display device. 

24. The illumination device as recited in claim 22, 
further comprising a light redirecting structure disposed 
between the turning film and the display device. 

25. The illumination device as recited in claim 22, 
wherein the turning film comprises a sheet of optically 
t ransmis s i ve f i 1m . 

26. The illumination device as recited in claim 22, 
wherein the first prisms and the second prisms are 
arranged in a pattern of prisms within the array. 

27. The illumination device as recited in claim 22, 
wherein the first prisms and the second prisms are 
substantially aligned with a longitudinal axis of the 
turning film. 



-29- 



WO 01/27663 



PCT/US00/24355 



1/5 




Fig. 1 



WO 01/27663 PCT/US00/24355 



2/5 





WO 01/27663 



PCT/US00/24355 



4/5 




Fig. 5 



% 

WO 01/27663 



PCT/US00/24355 




INTERNATIONAL SEARCH REPORT 



In at I on a I Application No 

PCT/US 00/24355 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 G02B5/04 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 G02B 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal , PAJ 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 0 Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



US 5 917 664 A (COBB JR SANFORD ET AL) 
29 June 1999 (1999-06-29) 

the whole document 

WO 96 27757 A (MINNESOTA MINING & MFG) 
12 September 1996 (1996-09-12) 



the whole document 

US 5 919 551 A (T0Y00KA KAZUHIKO ET AL) 
6 July 1999 (1999-07-06) 

column 4, line 6 -column 10, line 53 

~~ -/- 



1-3,5-9, 

14-23, 

25-27 



1-5,9, 
10, 

15-17, 
21-27 



1-3,5,9, 
10, 

14-17,21 



Further documents are listed in (he continuation of box C. 



ID 



Patent family members are listed in annex 



* Special categories of cited documents : 

'A* document defining the general state of the art which is not 

considered to be of particular relevance 
*E" earlier document but published on or after the International 

filing date 

V document which may throw doubts on priority daim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

•O* document referring to an oral disclosure, use, exhibition or 
other means 

9 P* document published prior to the international filing dale but 
later than the priority date claimed 



*T later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underiying the 
invention 

*X* document ol particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step when the document is taken alone 

*Y* document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

'&* document member of the same patent family 



Date ot the actual completion of the international search 



1 February 2001 



Date of mailing of the international search report 



08/02/2001 



Name and mailing address of the ISA 

European Patent Office. P.B. 5818 Patenttaan 2 
NL - 2280 HV Rijswijk 
Tel (+31-70) 340-2040, Tx. 31 651 epo nl, 
Fax. (+31-70) 340-3016 



Authorized officer 



Mollenhauer, R 



Form PCT/ISA/21 0 (seoond sheet) (JuV 1992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 


lr. ational Application No 

PCT/US 00/24355 


C(Contlmiatlon) DOCUMENTS CONSIDERED TO BE RELEVANT 


Caiegcxy* 


Citation of document, with indication .where appropriate, of the relevant passages 


Relevant to claim No. 


X 


IIC C C£1 cm A /UAMAKin I/A7IIMADT CT Al \ 

US D 001 OUo A vnANANU KAZUNAK1 tl AL; 

26 August 1997 (1997-08-26) 
abstract 

column 14, line 6 - line 26; figure 41 




1-5,11, 
12,15-17 


X 


PATENT ABSTRACTS Or JAPAN 

vol. 007, no. 090 (P-191), 

14 April 1983 (1983-04-14) 

& JP 58 017402 A (KUNISHIRO KANAGATA K0GY0 

KK), 1 February 1983 (1983-02-01) 

abstract 




I. 6,7, 

II, 15, 
16,18,19 


P.X 


W0 00 42451 A (LEA MICHAEL C ;MARTTILA 
CHARLES A (US); MINNESOTA MINING & MFG 
(US) 20 July 2000 (2000-07-20) 
the whole document 




1-3, 

5-10, 

15-21 


X 


W0 98 50806 A (MINNESOTA MINING & MFG) 
12 November 1998 (1998-11-12) 
column 4, line 22 -column 5, line 11 




1.13 


X 


PATENT ABSTRACTS OF JAPAN 

vol. 1997, no. 03, 

31 March 1997 (1997-03-31) 

& JP 08 313710 A (MITSUBISHI RAYON CO 

LTD), 29 November 1996 (1996-11-29) 

abstract 




1,3-5, 
7-9 


X 


DE 44 11 206 A (ZUMT0BEL LICHT) 
5 October 1995 (1995-10-05) 
figures 4-7 




1.13,14 


X 


PATENT ABSTRACTS OF JAPAN 

vol. 018, no. 333 (P-1759), 

23 June 1994 (1994-06-23) 

& JP 06 082635 A (SEKISUI CHEM CO LTD), 

25 March 1994.(1994-03-25) 

abstract 




1,14 


A 


US 5 303 322 A (JAC0BS0N BENJAMIN A ET 
AL) 12 April 1994 (1994-04-12) 
the whole document 




24-27 



Form FCT/1SA/210 (continuation of second sheet) (July 1992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



ti. atlonal Application No 

PCT/US 00/24355 



Patent fffviimcnt 




Puhtir-atinn 


Patent family 


Publication 


cited in search report 




date 


member(s) 


date 


US 5917664 


A 


29-06-1999 


AU 


723293 B 


24-08-2000 








AU 


1852397 A 


22-08-1997 








CA 


2242424 A 


07-08-1997 








CN 


1210593 A 


10-03-1999 








EP 


0879430 A 


25-11-1998 








JP 2000505564 T 


09-05-2000 








MO 


9728468 A 


07-08-1997 


WO 9627757 


A 


12-09-1996 


AU 


694619 B 


23-07-1998 

Cm*J \J 1 177D 








AU 


4900896 A 


23-09-1996 








CA 


2212223 A 


12-09-1996 








DE 


69602588 D 


01-07-1999 








DE 


69602588 T 


14-10-1999 








EP 


0813667 A 


29-12-1997 








JP 


11501149 T 


26-01-1999 








US 


5771328 A 


23-06-1998 


US 5919551 


A 


06-07-1999 


AU 


727440 B 


14-12-2000 








AU 


2139697 A 


07-1 1-1 997 

\J f 11 177 / 








CA 


2251252 A 


23-10-1997 








CN 


1221494 A 


30-06-1999 

JU vv 1777 








EP 


0892931 A 


27-01-1999 








JP 2000508786 T 


11-07-2000 








WO 


9739369 A 


93-10-1997 


US 5661603 


A 


26-08-1997 


JP 


8129146 A 


21-05-1996 


JP 58017402 


A 


01-02-1983 


NONE 






U0 0042451 


A 


20-07-2000 


AU 


2609800 A 


01-08-2000 








EP 


1064570 A 


03-01-9001 

UJ Ul LUVl 


UO 98 R 0806 

nU 70JUOUU 


A 


17-11-1 998 

1L 11 1 77W 


AU 


7370898 A 


27-11-1998 








BR 


9808760 A 


11-07-2000 








CN 


1255202 T 


31-05-2000 








EP 


0980533 A 


23-02-2000 


JP 08313710 


A . 


29-11-1996 


NONE 






DE 4411206 


A 


05-10-1995 


NONE 






JP 06082635 


A 


25-03-1994 


JP 


6082634 A 


25-03-1994 


US 5303322 


A 


12-04-1994 


US 


5237641 A 


17-08-1993 








AU 


681878 B 


11-09-1997 








AU 


6402294 A 


26-09-1994 








CA 


2157898 A 


15-09-1994 








EP 


0746787 A 


11-12-1996 








IL 


108917 A 


13-07-1997 








JP 


9507584 T 


29-07-1997 








WO 


9420871 A 


15-09-1994 








US 


5528720 A 


18-06-1996 








US 


5594830 A 


14-01-1997 








US 


6002829 A 


14-12-1999 








US 


6044196 A 


28-03-2000 








AT 


145464 T 


15-12-1996 








AU 


3815093 A 


21-10-1993 








DE 


69306022 D 


02-01-1997 



Form FCT/1SA/210 (patent family arm) (Jitfy 1992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



It ational Application No 

PCT/US 00/24355 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



US 5303322 



DE 
EP 
ES 
JP 
JP 
WO 



T 
A 
T 



69306022 
0562802 
2097445 
2916063 B 
6043325 A 
9319390 A 



13-03-1997 

29- 09-1993 
01-04-1997 
05-07-1999 
18-02-1994 

30- 09-1993 



Fonn PCT/ISA/210 (paten family annex) (July 1992) 



page 2 of 2 



